Latent tuberculosis infection (LTBI) is defined as a state of persistent immune response to stimulation by Mycobacterium tuberculosis antigens without evidence of clinically manifested active tuberculosis (TB) disease. Individuals with LTBI represent a reservoir for active TB cases. The detection and management of LTBI is now a key component of the World Health Organization's End TB Strategy and the Government of Canada's federal framework for action on TB prevention and control. This is because people with LTBI can progress to active TB or undergo reactivation, a risk that is greatly increased in those with immunocompromising conditions. This overview provides a summary of LTBI and reactivation risk, as well as the recent advances in the diagnosis and treatment of LTBI. 
Introduction
Tuberculosis (TB) is a leading cause of death worldwide, with 10.4 million cases and 1.8 million deaths in 2015 (1) . Infected individuals are classified as either having latent tuberculosis infection (LTBI), an asymptomatic clinical state that is not transmissible, or active TB disease, characterized by the presence of clinical symptoms arising from infection that can occur in multiple organs. While Mycobacterium tuberculosis, the bacterium that causes TB, can infect many parts of the body, pulmonary TB is primarily the transmissible form. Our understanding of M. tuberculosis infection as a clear binary condition that is either active or latent has recently shifted, and the more modern view treats infection as a spectrum of disease states (2) .
The World Health Organization's (WHO) End TB Strategy has set the goal to reduce TB incidence globally by 90% and TB deaths by 95% by 2035 (3) . While active TB case detection has been the cornerstone of the public health response to TB, modelling suggests that in order to reach these ambitious targets, reducing the LTBI reservoir through preventative therapy is essential (3, 4) . Preventing the progression of LTBI to active TB disease is an important public health goal that can substantially reduce TB transmission. A key part of the End TB Strategy is targeted treatment of those infected and who are at risk for progression to active TB disease.
The objective of this paper is to summarize what we know about LTBI, including the risk factors for reactivation, recent advances in diagnosis and treatment, and next steps in advancing the global plans for TB elimination.
Latent tuberculosis infection and reactivation
The WHO defines LTBI as a state of persistent immune response to stimulation by M. tuberculosis antigens without evidence of clinically manifested active TB (5) . According to recent estimates, approximately one-quarter of the global population is infected with LTBI (6). The duration of latency is variable, and healthy individuals can harbour LTBI for a lifetime. In a small fraction (~5%-15%), reactivation occurs, often within the first 2 to 5 years following infection (7, 8) . Reactivation is the process by which a subclinical latent infection transitions into active TB disease. Thus, individuals with LTBI represent a major reservoir for new active TB cases (9) .
The understanding of the underlying reasons for LTBI reactivation is incomplete, but it does include bacterial, host and environmental factors (10) . While the lifetime risk for reactivation among otherwise healthy individuals with documented LTBI is quoted as approximately 5% to 15% (7, 8) , various comorbidities and risk factors are associated with increased risk and hence elevated rates of developing active TB. The most potent risk factor is human immunodeficiency virus (HIV) infection. Those with HIV and latent TB co-infection have more than a 100-fold increased risk of developing active TB disease (11) . Even after successful antiretroviral therapy, the risk remains significantly elevated (12, 13) . Other comorbidities and conditions associated with LTBI reactivation are categorized as high, moderate, slightly increased, low and very low risk, depending on their associated risk factors (14) . In the high-risk category are patients with chronic renal failure requiring hemodialysis (15) , transplant patients on immune suppressants (16) and patients with silicosis (17), among others. At moderate risk are patients treated with tumour necrosis factor alpha (TNF-α) inhibitors (used for many autoimmune and inflammatory conditions) (18) or glucocorticoids (19) , those with diabetes (all types) and recently infected children under the age of four (20) . Those who abuse alcohol (21), smoke cigarettes (22) or are underweight or malnourished (23) are at slightly increased risk for LTBI reactivation. TB incidence is higher among these groups than within the general population (14) . A commonality among the majority of these conditions leading to increased reactivation risk is suppressed immunity.
LTBI treatment
TB reactivation rates can be substantially reduced by up to 90%, if LTBI patients take preventative therapy (24, 25) . The major indications for LTBI therapy are recent infection or the presence of other factors for increased risk for TB reactivation as noted above. The standard treatment regimen is nine months of daily self-administered isoniazid (INH9), although a 6-month course is also acceptable but not preferred due to reduced efficacy (14) . Due to the length of treatment, and hepatotoxicity-related side effects, adherence is a major issue affecting therapy completion. The 3-to 4-month daily isoniazid plus rifampin regimen is authorized for use in Canada as an alternative, as is the 4-month daily rifampin regimen (14) . Recently, a 12-dose once-weekly regimen of isoniazid plus rifapentine (commonly known as 3HP), administered by directly observed therapy, has been shown to be as effective as the standard INH9, and has also resulted in reduced hepatotoxicity and higher compliance rates (26) . Currently rifapentine is not authorized for use in Canada and is only available through Health Canada's Special Access Program. For more information on the 3HP regimen, see Pease et al. in this issue (27) .
LTBI diagnostics
The effective delivery of preventative therapies relies on sensitive and accurate LTBI diagnosis to guide treatment delivery. While bacterial culture is the gold standard for the diagnosis of an active infection, there remains no such standard for the detection of LTBI (28) . Since detection of the actual pathogen is not possible, LTBI is detected by measuring immune responses to M. tuberculosis antigens.
Two tests currently measure immune responses to M. tuberculosis antigens: the tuberculin skin test (TST), which dates back over 100 years, and the more recent interferon-gamma release assay (IGRA) (28, 29) . The TST evaluates cell-mediated immunity and consists of the intradermal injection of a small amount of purified protein derivative from the M. tuberculosis bacteria. The test requires two patient visits with a 48-72 hour interval between the administration and reading of the test. It is open to considerable variation in the interpretation of results.
The IGRA is a whole blood-based in vitro assay that measures the production of interferon-gamma by immune cells in response to M. tuberculosis antigen stimulation. The test does not require that the patient return to the lab and can be completed in 24 hours, but it does require greater laboratory infrastructure and technical capacity, which means it is more expensive. The specificity of the IGRA is superior to the TST as it utilizes antigens found only in M. tuberculosis, thereby eliminating cross-reactivity with the Bacille Calmette-Guerin (BCG) vaccine strain that is still routinely used in many countries, including Canada in some high TB-burden northern communities (14, 28) . There are two IGRA platforms currently available in Canada. The QuantiFERON-Gold In-Tube test is based on an enzyme-linked immunosorbent assay (ELISA) for the detection of interferon-gamma production in separated plasma. The T.SPOT.TB test is an enzyme-linked immunospot (ELISPOT) assay based on the enumeration of interferon-gamma producing immune cells; it requires lymphocyte separation, stimulation and culture.
The Canadian Tuberculosis Standards recommend the use of either TST or IGRA for LTBI diagnosis (14) . Only those who would benefit from treatment, including those at high risk for reactivation, should be tested. The IGRA is the preferred test in individuals who have had a BCG vaccine after infancy or in groups with poor return rates for TST reading (14) . The TST is recommended if repeat testing is planned (14) . Neither test should be used to screen those at low risk for infection or progression, to diagnose active TB or to monitor TB treatment response.
Because the TST and IGRA rely on the detection of a specific immune response, both tests have reduced sensitivity among immunocompromised populations, leading to high levels of false-negative results. This includes those who are HIV infected, where test sensitivity decreases with loss of CD4 T cell counts (30, 31) , and patients with end stage renal disease (32) . Unfortunately, it is these same groups that have the highest risk for LTBI reactivation and require accurate testing and treatment.
New LTBI diagnostics
The development of new diagnostics for LTBI has been slow, but some recent advances include a skin test, C-Tb, that utilizes M. tuberculosis-specific antigens similar to those used in the IGRA assays, eliminating cross-reactivity with the BCG vaccine while maintaining sensitivity of the existing TST assay (33) . The latest generation of the Quantiferon test has also been recently released. The QuantiFERON-TB Gold Plus assay incorporates new antigens designed to increase test sensitivity among immunocompromised groups, including people living with HIV. The initial independent evaluations, however, have shown this new test to have minimal increased sensitivity (34) . Variations of the IGRA test that utilize alternate immune readouts in response to TB antigen stimulation are also being explored. One such readout is the cytokine IP-10, produced at much higher levels than interferon-gamma. Use of such a readout could both increase test sensitivity, particularly in immunocompromised groups, as well as reduce time to detection, bringing the test closer to true point of care testing (35) .
In addition to sensitivity issues, neither the TST nor the IGRA can accurately distinguish active TB disease from LTBI, and neither can predict LTBI reactivation (29, 35, 36) . There is a need for advancements to be made in the LTBI diagnostics field to develop improved tools for diagnosing LTBI and predicting LTBI reactivation. A more sophisticated understanding of the immunology of LTBI and the underlying factors associated with progression to active disease is critical to identifying new biomarkers or immune signatures that will form the basis of new LTBI diagnostics and tools to monitor the success of therapeutic regimens. A promising advance in this direction is a 16-gene messenger RNA transcript-signature in blood that predicts subsequent disease progression and is able to distinguish between latent infection and active TB disease (37) . In addition, it seems to be associated with bacterial burden as the immune transcript-signature was lost following TB treatment. Development of diagnostic tests that can identify those most at risk for reactivation and development of TB disease could help guide interventional strategies to target those most at risk for reactivation and therefore most in need of preventative therapy.
The strategy to eliminate tuberculosis
For countries such as Canada who have already reached the End TB target milestones (<100 TB cases/million), an action framework was created by WHO to reach TB elimination targets (<1 TB case/million) by 2050 (38) . This framework was designed recognizing that in low incidence countries, TB transmission is infrequent within the general population, and aside from occasional outbreaks, most cases of active TB are due to reactivation of LTBI (9, 39) .
In 2015, the WHO published guidelines on testing, treating and managing LTBI in infected individuals with the highest likelihood of progression to active disease (5). These guidelines call for a targeted public health approach that includes screening of select groups at high risk for LTBI reactivation coupled with preventative treatment in those who will most benefit from it (40, 41) . Target groups include people living with HIV, adult and child contacts of pulmonary TB cases, patients initiating anti-tumour necrosis factor treatment, patients receiving dialysis, patients preparing for transplantation and patients with silicosis. Other vulnerable and/or hard-to-reach groups with a higher incidence of TB disease include those in correctional facilities, those with drug and alcohol addictions, people dealing with homelessness, residents of long-term care facilities, Indigenous populations, and migrants from countries with a high TB burden. For these high-risk groups, systematic testing is recommended in countries where resources are available. Both the IGRA and TST are recommended tools for screening, and chest radiography should be performed prior to initiating LTBI therapy to rule out active TB disease. Patients taking LTBI treatment should also be monitored regularly for potential adverse side effects (5).
Elements of the WHO guidelines are being implemented in Canada, and the identification and treatment of LTBI among those at high risk for developing active TB disease is a key area of focus as outlined in the Government of Canada's federal framework for action on TB prevention and control (42) . The Canadian Tuberculosis Standards, developed by the Canadian Thoracic Society and the Public Health Agency of Canada, recommend the targeted screening of groups identified as at increased risk for LTBI reactivation, similar to those groups outlined in the WHO LTBI management guidelines (14) . As these targeted screening and treatment approaches are likely to be led mainly by primary care providers, it is important that physicians are informed of LTBI screening and management policies in order to recognize risk factors. The most important factors to consider when selecting people as suitable candidates for LTBI screening and treatment are their risk of prior TB exposure and for reactivation balanced against the risk for hepatotoxicity, and the likelihood of treatment completion.
Conclusion
The reactivation of TB from untreated LTBI is a major source of new active TB infections and transmission. It accounts for the majority of new tuberculosis cases in countries where the incidence of tuberculosis is low, such as Canada. In order to meet TB elimination goals, targeted LTBI testing and treatment of marginalized and hard-to-access groups and those with high risk for TB reactivation is a priority. Shorter and efficacious preventative treatment regimens, more sensitive LTBI diagnostics and novel tests to identify those individuals at the highest risk for TB reactivation will all help to reach the TB elimination goals.
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